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Clarias gariepinus and Clarias buthopogon were analyzed to evaluate the likely impact of pollution
on the antidrug resistance pattern of their microbial isolates. Different bacterial and fungal counts
were observed on the fish organs (skin, muscles and gills). The highest bacterial count was
1,040,000 Cfu/mL while the lowest was 101 Cfu/mL. The highest fungal count obtained was
344,000 Cfu/mL while the lowest was 65 Cfu/mL. Bacterial isolates belonging to genera Bacillus,
Clostridium, Alcaligenes, Flavobacterium, Enterobacter and Corynebacterium were obtained from
the organs. Also, fungal isolates belonging to the genera Penicillium, Aspergillus, Rhizopus, Monila
and Fusarium were isolated. The resistance of isolates from C. gariepinus to drugs was between 50%
and 90% with Bacillus species showing the highest resistance. For isolates from C. buthopogon, 40–
90% resistance was observed with Alcaligenes faecalis showing highest resistance. Five patterns of
multiple drug resistance were observed among the bacterial isolates with antibiotics ranging from 4
to 9. Also, result of fungal isolates showed susceptibility to ketoconazole and resistant to flucona-
zole and griseofulvin. The public health implications of consuming these fishes are discussed.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The aquatic ecosystem is usually a reservoir of toxic substances
which may be introduced deliberately or accidentally. When
such pollutants are present, they impair the quality of water
and make it unsuitable for aquatic life (Ayandiran and
Dahunsi, 2016; Dahunsi et al., 2011). In Nigeria, pollution
of the surface waters by oil and solid wastes is widespread over
the last decades and is rendering most of them unsuitable for
human use (Bakare et al., 2003). Such toxic substances
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through the food chain (Dahunsi et al., 2012a), but may also
either limit the number of species or lead to high microbial
load being formed (Okafor, 1985). It is known that contamina-
tion of a particular water body can always be linked to indus-
trial processes or sewage/effluent disposal as reported
(Sathware et al., 2007).
In the past, it was thought that fish in open waters (marine
and fresh) were generally safe due to lack or paucity of epi-
demiological evidence of fish-borne diseases. However, recent
reports from studies in the areas of environmental pollution,
fish and water preservation/management suggest otherwise
(Obasohan et al., 2010). Fish are usually found at the top of
the food chain and as such can accumulate large quantities
of pollutants in their muscle and organs (Dahunsi et al.,
2012b). Pathogenic microbes are known to cause many dis-
eases in both wild and cultured fish and they may range from
primary to opportunistic pathogens (Inglis et al., 1994). Fish
may also harbor pathogens on or inside its body after exposure
to contaminated water or food but the study of diseases of fish
is hindered by the lack of knowledge of numerous interactions
existing between pathogens and their fish hosts (Nyaku et al.,
2007). Several researchers have reported the isolation of bacte-
ria belonging to different genera from fish in different polluted
water bodies (Adewoye and Lateef, 2004; Al-Harbi, 2003;
Hamed et al., 2013; Kolawole et al., 2011).
Bacterial resistance in the environment is a growing phe-
nomenon among environmentalists and several reports have
failed to establish a reliable relationship between anthro-
pogenic activities and antibiotic resistance in bacteria as many
believe that resistance elements are naturally innate in the
microbial genome (Baltz, 2008; Brown and Balkwill, 2009;
Bhullar et al., 2012; Cox and Wright, 2013; D’Costa et al.,
2011; Thaller et al., 2010; Toth et al., 2010; Wright, 2007,
2010). However, other reports have documented increased
antibiotic resistance in bacteria and also established tangible
relationship between the transfer of resistance elements and
anthropogenic activities (Ayandiran et al., 2014; Bhullar
et al., 2012; Knapp et al., 2010). To this effect, bacterial resis-
tance to antibiotics has been considered a global public health
menace. Besides the human health risks posed by the presence
of antibiotic resistant organisms (bacteria and fungi) in the
environment, and the unwanted presence of antibiotics in
water bodies, concern for the ecological fate and environmen-
tal risk of antibiotics in the aquatic environment is on the
increase Ku¨mmerer, 2009.
Ondo State constitutes an economically significant part of
South-Western Nigeria and has one of the largest fresh and
coastal water areas in the country (Ayandiran and Dahunsi,
2016). It is located in the coordinates 635019N, 45003E and
altitude 61 m. This is where bitumen was first spotted in Nige-
ria in 1910 and two bitumen observatory wells were dug in the
State in the 60 s during the early explorative activity of Nige-
rian natural bitumen. The seepage of the bitumen material
exists especially during the dry season when temperature is
above 37 C during which it occurs as a free flowing liquid.
Oluwa is a major river of economic, agricultural and environ-
mental significance flowing through many communities within
the State. The major pollutant of the river is bitumen runoff
(Olajire et al., 2007) besides other domestic and agricultural
activities carried out along it course and from its many tribu-
taries thereby contributing to its pollution.Clarias species constitutes the major fauna population of
River Oluwa (Ayandiran and Dahunsi, 2016), and is usually
found in abundance especially during the rainy season. It is
also a major source of livelihood for the populace who are
majorly farmers and fishermen. Prior to this research, the
microbiological quality and antibiotic resistance pattern of
the microbial species in the fish from this river is yet to be
established and so, their public health impact is not ascer-
tained. The present work is therefore necessary to bridge the
lack of understanding about the relationship between anthro-
pogenic activities such as the presence of bitumen seepage
and other domestic and agricultural pollutants and emergence
of antibiotic resistance pattern in different bacteria inhabiting
the fish species in the Oluwa River.
2. Materials and methods
2.1. Sample collection
Adult sizes between 4 and 5 month old, (weight 0.6 ± 0.2 kg;
length 24 ± 2 cm) of Clarias gariepinus and Clarias butho-
pogon were collected twice during the same rainy season (early
and peak) of a year from the different polluted portions (up
and down streams) of River Oluwa while control samples were
collected from the unpolluted portion of the river and this was
done from year 2011 to 2013. In all, one hundred and eighty
(180) fish samples (60 each from upstream, downstream and
control sites) were collected for each of C. gariepinus and C.
buthopogon. Fishing was done during late night with the help
of professional local fishermen. Gill nets about 12.192 m long
and 1.828 m wide with a cork line at the top rope and metal
line with the ground rope made locally of nylon were used
for fishing. Two fishermen with the help of a boat helped in
the collection of fish samples into sterilized plastic bucket
and were aseptically transported to the laboratory.2.2. Sample preparation
After arrival at the laboratory, fish samples were dissected and
the various organs separated. Twenty (20) gram of each part
was homogenized separately in 250 mL of 0.1% (w/v) peptone
water before serial dilution using the method of Odoli (2006).
Sterilized mortar and pestle and other glass wares were used
for the homogenization.2.3. Isolation, characterization and identification of bacterial
isolates
Microbial isolation was carried out on the samples (skin, mus-
cles and gills) via serial dilution and pour plate method already
described (Adewoye and Lateef, 2004) using nutrient agar,
MacConkey agar, Mannitol salt agar and Potato Dextrose
agar (Oxoid). One milliliter from each prepared fish organ
was serially diluted, and then plated in duplicate on nutrient
agar, MacConkey agar, Mannitol salt agar and Salmonella–
Shigella agar. All plates for aerobic organisms were incubated
appropriately at 37 C for 24–48 h. For the isolation of
Clostridium spp., samples were first cultured on Reinforced
Clostridia Medium (RCM) and then sub-cultured on blood
agar incubated in an anaerobic jar (Oxoid) containing a
98 T.A. Ayandiran, S.O. Dahunsimoistened pack of gas generating kit (Bio-oxoid) at 37 C for
7 days. Colonies which developed on the plates were counted
and recorded using colony forming unit per gram (Cfu/g) of
the sample (Ayandiran et al., 2014; Guo et al., 2013; Hussain
et al., 2013; Lateef et al., 2005). Sub-culturing was carried
out on distinct colonies until pure cultures were obtained
and were transferred onto slant bottles containing freshly pre-
pared media. The presumptive colonies were confirmed by
standard morphological and biochemical techniques and using
respective rapid API kits (20 NE 20050, 20 E 20160, Coryne
20900, 20 A 20300, and LyfoCults VT2 GP Comprehensive
QC Set 410584 BioMerieux) (Odjadjare et al., 2012).
2.4. Determination of antibiotic sensitivity
In order to evaluate the bacterial resistance to the 17 clinically
relevant antibiotics used in this study, disk diffusion assay as
previously described (Kovacevic et al., 2012) was employed.
Bacterial cultures were grown at 35 C for 18 ± 2 h in tryptic
soy broth (TSB; Difco), diluted to 1  107 Cfu/mL in tempered
0.75% agar (45 C; Difco), mixed gently, and poured onto
Mueller-Hinton agar (MHA; Difco). After solidification,
antimicrobial susceptibility test disks (BBLTM Sensi-DiscTM,
BD Diagnostics, Sparks, MD, USA) were applied and plates
were incubated at 35 C for 24 h after which the zones of inhi-
bition around each antibiotic was observed and read. The
added antibiotic concentrations for antibiotic resistant bacte-
ria (ARB) in polluted water have previously been defined as
the maximum value of the minimum inhibitory concentrations
(MICs) for Enterobacter, Enterococcus and Staphylococcus
spp. resistant to that antibiotic (Huang et al., 2011), since these
three are the most common species related to human health in
polluted water. The antibiotics used are from ten (10) different
drug families and are shown as follows with their respective
dosages according to manufacturer’s description: Macrolides
(Erythromycin, Ery, 15 lg); Quinolones (Ciprofloxacin, Cip,
5 lg; Norfloxacin, Nox, 30 lg; Ofloxacin, Ofl, 30 lg); Sulfon-
amides (Cotrimoxazole, Cot, 10 lg); Aminoglycosides (Gen-
tamicin, Gen, 10 lg; Kanamycin, Kan, 10 lg); Cephalosporins
(Ceftriaxone, Cef, 5 lg; Cephalexin, Cep, 10 lg; Cefuroxime,
Cef, 10 lg); Chloramphenicol (Chloramphenicol, Chl, 30 lg);
Penicillins/Aminopenicillins (Ampicillin, Amp, 25 lg; Amoxi-
cillin, Amx, 25 lg;Augmentin, Aug, 30 lg);Nitrofurans (Nitro-
furantoin, Nit, 25 lg); Tetracyclines (Tetracycline, Tet, 30 lg)
andLincosamides (Clindamycin, Cli, 10 lg). All antibiotic disks
used were supplied by Oxoid Ltd. (Basingstoke, Hampshire,
England). TheMulti-drug Antibiotics Resistance (MAR) index
was calculated using the method earlier described (Blasco et al.,
2008; Odjadjare et al., 2012) as follows:
MAR ¼ a=b
where
a=No. of antibiotics to which the isolate was resistant;
b= total No. of antibiotics against which individual isolate
was tested.
2.5. Fungal susceptibility testing
Three antifungal drugs (fluconazole, ketoconazole and griseo-
fulvin) were used in this study. They were obtained fromdifferent manufacturers as follows: fluconazole from Hydex
Chemicals Pvt. Ltd., ketoconazole from Jansen Pharmaceuti-
cals, and griseofulvin from Glaxo Laboratories. All drugs were
prepared according to the standard protocol of CLSI by dis-
solving in 100% dimethyl sulfoxide (Gibco) and were prepared
in stock solutions of 1000 lg/ml and fluconazole in sterile dis-
tilled water. They were then kept till usage when they were
freshly prepared as stock solution and serial two fold dilutions
were carried out. The final concentrations of 100 and 200 lmg/
mL were used for fluconazole and ketoconazole while it was
250, 500 and 1000 lmg/mL for griseofulvin.
2.6. Fungal identification and inoculum preparation
Antifungal evaluation was carried out using a broth microdilu-
tion method (Rambali et al., 2001; Indira, 2014) and based on
CLSI M38-A standard recommendation (CLSI, 2002). Species
identification for the isolated fungi was based on morphologi-
cal and biochemical characteristics (Chander, 2002). Fungal
stock inocula were prepared from 7 to 14 day cultures grown
on Sabouraud’s dextrose agar (SDA) plus chloramphenicol
to prevent bacterial growth. After sufficient growth appear-
ance, the fungal colonies were covered with 5 mL of sterile sal-
ine (0.9%), after which the surface was gently probed with the
tip of a sterile Pasteur pipette in order to make suspensions.
The resulting suspended mixture was withdrawn and trans-
ferred to a sterile tube where the heavy particles were allowed
to settle for 15 min at room temperature and the upper
homogenous suspension was then used for further testing.
2.7. Turbidity standard for inoculum preparation
A BaSO4 turbidity standard which is the equivalent of a 0.5
McFarland standard or its optical equivalent is usually used
to standardize the inoculum density for a susceptibility test.
The inoculum’s size in this study was adjusted by microscopic
enumeration to be within the range of 1,000,000 and 5,000,000
spores/mL with the aid of a cell counting hemocytometer
(Neubauer chamber). The fungi did not produce the needed
conidia in some cases and for such, small portion of the myce-
lial was harvested and gently homogenized in 2 mL of sterile
saline using a tissue grinder and the resulting suspensions were
adjusted to the opacity of 0.5 McFarland standards with sterile
saline. The inocula were quantified by counting microconidia
in a hematocytometer and by further plating 0.01 mL of the
suspensions on SDA. The plates were then incubated at
28 C and were examined daily to check the presence of fungal
colonies before fungal viability testing (Indira, 2014).
2.8. Test procedure
The tests were performed using polystyrene microtiter plates
with flat bottom wells in which a multichannel pipette was
used to inoculate the aliquots of 100 ll of two fold drug dilu-
tions into each well. The microtiter plates were stored at -50 C
in a deep freezer prior usage when they were inoculated with
100 ll fungal inoculum in order to maintain the dilutions from
5,000 to 50,000 spores ml1. The plates were incubated at
28 C for 7 days (Santos and Hamdan, 2005) for growth of
the fungi. Furthermore, growth and sterility control wells were
maintained for each assay and all tests were performed in
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the fungal growth was taken as the MIC (Indira, 2014).
3. Results
The heterotrophic bacterial and fungal counts of the organs
(muscles, skin surfaces and gills) of the C. gariepinus are shown
in Table 1. During the early raining season, the bacterial count
ranged from 110 to 160 Cfu/mL for the control samples while
the fungal count for control ranged from 90 to 108 Cfu/mL.
The bacterial count for the polluted samples ranged between
480,000 and 760,000 Cfu/mL while the fungal count for the
polluted samples ranged from 210,000 to 321,000 Cfu/mL.
During the peak of rainfall, the bacterial count for the control
samples ranged between 220 and 330 Cfu/mL while the fungal
counts ranged from 102 to 141 Cfu/mL. In the polluted group,
the bacterial count ranged between 660,000 and 1,020,000 Cfu/
mL while the fungal count was between 201,000 and
344,000 Cfu/mL.
The table also shows the total microbial counts in the C.
buthopogon species collected during different times in the rainy
season. During the early raining period, bacterial counts from
the control samples ranged between 102 and 118 Cfu/mL while
the fungal counts ranged between 111 and 142 Cfu/mL. From
the polluted group, the bacterial count was from 490,000 to
871,000 Cfu/mL while the fungal count ranged from 165,000
to 301,000 Cfu/mL. During the peak of raining season, bacte-
rial count for the control group ranged between 101 andTable 1 Mean count of microorganisms isolated from fish
samples.
Muscles Skin Gills
Clarias gariepinus (Cfu/mL)
Early raining season
*Control 110 ± 0.50 120 ± 0.21 160 ± 0.12
*Polluted 480,000 ± 5.13 760,000 ± 1.31 570,000 ± 1.61
#Control 108 ± 0.03 90 ± 0.06 102 ± 0.11
#Polluted 230,000 ± 0.04 321,000 ± 0.12 210,000 ± 2.02
Peak of raining season
*Control 220 ± 0.05 240 ± 0.04 330 ± 0.04
*Polluted 660,000 ± 1.21 1,020,000 ± 2.21 710,000 ± 1.21
#Control 120 ± 0.01 141 ± 0.12 102 ± 0.01
#Polluted 310,000 ± 0.02 344,000 ± 0.22 201,000 ± 0.02
Clarias buthopogon (Cfu/mL)
Early rainy season
*Control 102 ± 0.11 109 ± 0.01 118 ± 0.11
*Polluted 871,000 ± 1.30 741,000 ± 1.31 490,000 ± 0.20
#Control 121 ± 0.01 142 ± 0.02 111 ± 0.01
#Polluted 210,000 ± 0.02 301,000 ± 0.02 165,000 ± 0.01
Peak of raining season
*Control 101 ± 0.01 201 ± 0.01 160 ± 0.05
*Polluted 204,000 ± 0.05 104,000 ± 2.02 120,000 ± 0.01
#Control 101 ± 0.01 121 ± 0.01 065 ± 0.01
#Polluted 200,000 ± 0.01 280,000 ± 0.02 200,000 ± 0.01
* Bacterial counts.
# Fungal counts; values for control samples are average of 60
samples while those of the experimental are average of 120 samples.
Polluted samples were taken from organs of polluted fishes.201 Cfu/mL while the fungal count ranged between 65 and
121 Cfu/mL. In the polluted groups, bacterial count ranged
between 120,000 and 1,040,000 Cfu/mL while fungal count
was between 200,000 and 280,000 Cfu/mL. In all, the highest
bacterial count (1,040,000 Cfu/mL) was recorded for the skin
sample of C. buthopogon while the lowest count (101 Cfu/
mL) recorded for the muscle sample of C. buthopogon. In the
same vein, the highest fungal count (344,000 Cfu/mL) was
recorded for the skin sample of C. gariepinus while the lowest
count (65 Cfu/mL) was from the gill sample of C. buthopogon.
3.1. Percentage occurrence of isolates
Organisms belonging to five each of bacterial and fungal gen-
era were isolated from the different organs of C. gariepinus
among which were six different species of Bacillus and three
of Clostridium. For C. buthopogon, organisms belonging to
four bacterial and five fungal genera were isolated among
which were three different species of Bacillus. Among the bac-
teria isolates from both fish species, Bacillus had the highest
percentage occurrence while Aspergillus species was the highest
among the fungal isolates in both fish species (Table 2). Table 3
shows the antibiotic resistance of organisms isolated from the
different organs of C. gariepinus. All isolates from skin showed
100% resistance to Erythromycin, Ciprofloxacin, Gentamicin,
Cephalexin and Ceftriaxone and were 100% susceptible to
Ampicillin. Both Bacillus and Clostridium isolates show 60%
and 80% resistance to antibiotics respectively. All isolates
from muscles showed a 100% resistance to Erythromycin,
Gentamicin, Ceftriaxone and Ampicillin, and showed zones
of inhibition around Ofloxacin, Ciprofloxacin, Cephalexin,
Cotrimoxazole, Clindamycin and Augmentin. Bacillus and
Clostridium isolates from the muscle shows between 70% to
90% resistance to the antibiotics used. In the same vein, all iso-
lates from the gills showed a 100% resistance to Erythromycin,
Ciprofloxacin, Gentamicin and Ceftriaxone and showed total
susceptibility to Augmentin. Zones of inhibition were also
recorded around other antibiotics. Bacillus and Clostridium
species showed between 60% and 70% resistance to the all
antibiotics.
The Gram negative isolates of the skin showed total resis-
tance to Cefuroxime, Kanamycin, Nitrofurantoin, Tetracy-
cline and Norfloxacin. They showed total susceptibility to
Ofloxacin and different degrees of susceptibility to Ciprofloxa-
cin, Chloramphenicol, Gentamicin and Amoxicillin. Alcalige-
nes faecalis and Flavobacterium aquatile from the C.
gariepinus skin were 80% and 60% each resistant to antibi-
otics. Enterobacter dissolvens in the muscle showed 100% resis-
tance to Chloramphenicol, Cefuroxime, Amoxicillin,
Nitrofurantoin and Norfloxacin while showing total suscepti-
bility to Ofloxacin, Gentamicin, Ciprofloxacin, Tetracycline
and Norfloxacin. The bacteria showed 50% overall resistance
to antibiotics used.
Table 4 shows the antibiotic resistance of organisms iso-
lated from the organs of C. buthopogon. The skin isolate
showed 100% resistance to Erythromycin, Ceftriaxone, Ampi-
cillin, and Augmentin while showing total susceptibility to
Ciprofloxacin, Cotrimoxazole and Clindamycin. Different
degrees of resistance were shown to Ofloxacin, Gentamicin
and Cephalexin. In all, the two Bacillus species from skin
showed 70% and 40% resistance to antibiotics respectively.
Table 2 Occurrence of microbial isolates from fish samples.
Isolates % occurrence Isolates % occurrence
Bacteria from Clarias gariepinus Bacteria from Clarias buthopogon
Bacillus species 55.56 ± 0.12 Bacillus species 55.55 ± 1.22
Clostridium species 17.67 ± 1.02 Clostridium species 22.22 ± 0.12
Alcaligenes faecalis 13.41 ± 1.24 Alcaligenes faecalis 11.11 ± 0.14
Flavobacterium aquatile 6.70 ± 0.12 Corynebacterium striatum 11.11 ± 1.20
Enterobacter dissolvens 6.66 ± 0.11
Fungi from Clarias gariepinus Fungi from Clarias buthopogon
Penicillium species 27.78 ± 0.10 Penicillium species 27.27 ± 1.22
Aspergillus species 44.44 ± 0.02 Aspergillus species 46.38 ± 1.11
Rhizopus species 11.11 ± 0.10 Fusarium oxysporum 9.09 ± 0.22
Monilia sitophilia 11.11 ± 0.02 Monilia sitophilia 9.09 ± 1.13
Fusarium oxysporium 5.56 ± 1.11 Rhizopus species 9.09 ± 0.22
Table 3 Resistance of bacteria isolates from Clarias gariepinus to individual antibiotic.
Organisms Ofl Ery Cip Gen Cep Cot Cez Amp Cli Aug **(%)
Gram positive isolates
Skin isolates
*Bacillus circulans +     +  +  + 60
Clostridium perfringens        + +  80
Bacillus megaterium +       + + + 60
#Sub-total (%) 33.33 100 100 100 100 66.66 100 0 33.33 66.66
Muscle isolates
*Bacillus circulans         +  90
Bacillus subtilis         + + 80
Clostridium sporogenes +        + + 70
Bacillus sphaericus   +       - 90
Bacillus megaterium +          90
#Sub-total (%) 50 100 83.33 100 83.33 83.33 100 100 33.33 50
Gills isolates
Bacillus cereus +       + + + 60
Clostridium sporogenes +       + + + 60
Bacillus polymyxa +       +  + 70
Clostridium septicum     + +   + + 60
#Sub-total (%) 25 100 100 100 75 75 100 25 25 0
$Grand total (%) 36.11 100 94.44 100 86.11 74.99 100 41.66 30.55 38.88
Gram negative isolates
Organisms Ofl Chl Cef Amx Gen Nit Cip Tet Nox Kan **(%)
Skin isolates
Alcaligenes faecalis +      +    80
Flavobacterium aquatile + +   +     + 60
#Sub-total (%) 0 50 100 100 50 100 50 100 100 50
Muscle isolates
Enterobacter dissolvens +    +  + + +  50
#Subtotal (%) 0 100 100 100 0 100 0 0 0 100
$Grand total (%) 0 75 100 100 25 100 25 50 50 75
+Positive/susceptible; negative/resistant.
* Bacteria from control; others are from polluted fish samples.
# Subtotal, % resistance of isolates from each organ to each antibiotic.
$ Grand total, % resistance of isolates from all organs to each antibiotic.
** Cumulative % resistance of each bacterium to all the antibiotics.
100 T.A. Ayandiran, S.O. DahunsiThe isolates from C. buthopogon’s muscle exhibits 100% resis-
tance to Erythromycin, Gentamicin, Cotrimoxazole, Ceftriax-
one, Ampicillin and Augmentin. Total susceptibility wasshown to Cephalexin and Clindamycin while 50% susceptibil-
ity was recorded for Ofloxacin and Ciprofloxacin. Bacillus and
Clostridium isolates showed 80% and 60% resistance to
Table 4 Resistance of bacteria isolates from Clarias buthopogon to individual antibiotic.
Organisms Ofl Ery Cip Gen Cep Cot Cez Amp Cli Aug **(%)
Gram positive isolates
Skin isolates
Bacillus circulans   +   +   +  70
*Bacillus megaterium +  + + + +   +  40
#Sub-total (%) 50 100 0 50 50 0 100 100 0 100
Muscle isolates
Bacillus subtilis     +    +  80
Clostridium sporogenes +  +  +    +  60
#Sub-total (%) 50 100 50 100 0 100 100 100 0 100
Gill isolates
Corynebacterium striatum +     + +  +  60
#Sub-total (%) 0 100 100 100 100 0 0 100 0 100
$Grand total (%) 33.33 100 75 83.33 75 33.33 66.66 100 0 100
Gram negative isolates
Organisms Ofl Chl Cef Amx Gen Nit Cip Tet Nox Kan **(%)
Muscle isolates
Alcaligenes faecalis       +    90
#Sub-total (%) 100 100 100 100 100 100 0 100 100 100
$Grand total (%) 100 100 100 100 100 100 0 100 100 100
+Positive/susceptible; negative/resistant.
* Bacteria from control; others are from polluted fish samples.
# Subtotal, % resistance of isolates from each organ to each antibiotic.
$ Grand total, % resistance of isolates from all organs to each antibiotic.
** Cumulative % resistance of each bacterium to all the antibiotics.
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showed total susceptibility to Ofloxacin, Cotrimoxazole,
Ceftriaxone and Clindamycin while showing 100% resistance
to Erythromycin, Ciprofloxacin, Gentamicin, Cephalexin,
Ampicillin and Augmentin. The Gram negative bacteria;
A. faecalis was resistant to all antibiotics used except
Ciprofloxacin.3.2. Antimicrobial Sensitivity Pattern
The antibiotics resistant patterns of C. gariepinus and C.
buthopogon are shown in Table 5. For C. gariepinus, five differ-
ent resistance patterns were shown which range between five
and nine antibiotics while for C. buthopogon, five different
resistance patterns were also shown ranging between four
and nine antibiotics. The highest level of multiple antibiotic
resistances (MAR) was found in the fish muscle isolates from
both fish species with resistance to nine (9) antibiotics tested
for in each case. Organisms showing these resistances are
Bacillus circulans, Bacillus megaterium and Bacillus sphaericus
from C. gariepinus and A. faecalis from C. buthopogon. The
level of multiple resistances in the gills and the skin ranged
from four (4) to eight (8) in the antibiotics used for testing.
Among the ten antibiotics family used, members of eight fam-
ilies (Macrolides, Aminoglycosides, Cephalosporins, Peni-
cillins, Nitrofurans, Quinolones, Chloramphenicols and
Tetracycline) recorded the highest (100%) level of resistance
against the organisms isolated while members of the Amino-
glycosides and Quinolones recorded the lowest (25%) resis-
tance against organisms. The MAR index obtained variedfrom 0.40 to 0.90 and 0.40 for the control strain. The modal
MAR index for the isolates was 0.60.3.3. Susceptibility result of fungal isolates
The results of fungal susceptibility testing showed that the iso-
lates were susceptible to ketoconazole at the two (2) concentra-
tions with susceptibility ranging from 10 mm to 19 mm for
200 lmg/mL and 11 mm to 20 mm for 400 lmg/mL. Rhizopus
arrhizus showed the highest susceptibility range of 19–20 mm
for 200 lmg/mL and 400 lmg/mL respectively and Aspergillus
niger showed the least susceptibility to ketoconazole with a
range of 10–11 mm at 200 lmg/mL and 400 lmg/mL respec-
tively. All fungal isolates were resistant to fluconazole and
griseofulvin at all concentrations.4. Discussion
The quality of a water body is neither a static condition, nor
the measurement of a single parameter since there are lots of
chemical, physical and biological factors affecting its status
(Dahunsi et al., 2014; UNEPGEM, 2000). The microbial
counts obtained in this study are similar to those of
Adewoye and Lateef (2003) who reported counts in the order
of 100,000 Cfu/mL for bacterial populations in some Nigerian
polluted water bodies exposed to industrial, human and agri-
cultural wastes. In the same vein, Lateef (2004) obtained bac-
terial count of 215,000 Cfu/mL from a pharmaceutical effluent
in Nigeria.
Table 5 Antibiotic resistance pattern of bacteria isolates from fishes.
Clarias gariepinus
No. of
drugs
Resistance pattern No. of
isolates
Organisms MAR
index
5 Chl, Cef, Amx, Nit, Kan 1 Enterobacter dissolvens 0.50
6 Ery, Cip, Gen, Cep, Cez, Cli 1 Bacillus circulans 0.60
Ery, Cip, Gen, Cep, Cot, Cez 3 Bacillus megaterium; Bacillus polymyxa; Clostridium
sporogenes
0.60
Ofl, Ery, Cip, Gen, Cez, Amp 1 Clostridium septicum 0.60
Cef, Amx, Nit, Cip, Tet, Nox 1 Flavobacterium aquatile 0.60
7 Ery, Cip, Gen, Cep, Cot, Cez, Amp 1 Clostridium sporogenes 0.70
Ery, Cip, Gen, Cep, Cot, Cez, Cli 1 Bacillus polymyxa 0.70
8 Ofl, Ery, Cip, Gen, Cep, Cot, Cez, Aug 1 Clostridium perfringens 0.80
Ofl, Ery, Cip, Gen, Cep, Cot, Cez, Amp 1 Bacillus subtilis 0.80
Chl, Cef, Amx, Gen, Nit, Tet, Nox, Kan 1 Alcaligenes faecalis 0.80
9 Ofl, Ery, Cip, Gen, Cep, Cot, Cez, Amp,
Aug
1 Bacillus circulans 0.90
Ery, Cip, Gen, Cep, Cot, Cez, Amp, Cli,
Aug
1 Bacillus megaterium 0.90
Ofl, Ery, Gen, Cep, Cot, Cez, Amp, Cli,
Aug
1 Bacillus sphaericus 0.90
Clarias buthopogon
4 Ery, Cez, Amp, Aug 1 Bacillus megaterium 0.40
6 Ery, Gen, Cot, Cez, Amp, Aug 1 Clostridium sporogenes 0.60
Ery, Cip, Gen, Cep, Amp, Aug 1 Corynebacterium striatum 0.60
7 Ofl, Ery, Gen, Cep, Cez, Amp, Aug 1 Bacillus circulans 0.70
8 Ofl, Ery, Cip, Gen, Cot, Cez, Amp, Aug 1 Bacillus subtilis 0.80
9 Ofl, Chl, Cef, Amx, Gen, Nit, Tet, Nox,
Kan
1 Alcaligenes faecalis 0.90
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the fish organs could be due to their high adaptability to such
environments. Both are Gram positive, spore forming bacteria
found in water, soil or gut of many animals. Bacterial flora of
fish would always reveal the bacteriological conditions of the
water where fish inhabit (Blanco et al., 2000). Bacillus was also
isolated in the gills and muscle of the Clarias species indicating
its abundance in the environment which may have been made
possible by its microaerophilic nature. This result validates the
report of Adewoye and Lateef (2003) that Bacillus species are
commonly found in polluted waters.
The higher occurrence of Penicillium species may be due to
the presence of conidiospores (which is the main dispersal
route of the fungi). These spores can withstand both favorable
and unfavorable environmental conditions, can be carried and
found anywhere ranging from soil, air, water, clothing materi-
als etc. hence its high occurrence in the samples. This supports
the findings of Kolawole et al. (2011) who observed a dense
population of microorganisms in the downstream Asa Dam,
Nigeria. In another previous study, Lateef (2004) reported
high bacterial and fungal counts in polluted rivers in Nigeria.
The prevalence of multi-resistance to common antimicro-
bial agents has been documented by various researchers
(Baltz, 2008; Brown and Balkwill, 2009; Bhullar et al., 2012;
Cox and Wright, 2013; D’Costa et al., 2011; Thaller et al.,
2010; Toth et al., 2010; Wright, 2007). It has been reported
that bacteria can acquire antimicrobial resistance by horizon-
tal gene transfer and the uncontrolled usage of antibiotic or
heavy presence of pollutants are known to trigger existing
resistance mechanisms (Stokes and Gillings, 2011). Also, theabuse of antibiotic and pollutant accumulation is a veritable
way of building an environmental reservoir of AR bacteria
(Murphy, 2012; Seyfried and Newton, 2010). As shown in this
study, anthropogenic activities i.e. the presence of bitumen and
other pollutants (agricultural and domestic) may have con-
tributed to the acquisition of drug resistance by the isolates.
Evidence abound that increased antibiotic resistance in
microorganisms and the transfer/acquisition of resistance ele-
ments are a modern phenomenon having a strong link with
anthropogenic activities (Bhullar et al., 2012; Knapp et al.,
2010).
The fact that bitumen exploration coupled with other pol-
lution activities have been ongoing in the river for decades
may also suggest that previously reported antibiotics resistance
in water from Oluwa river (Ayandiran et al., 2014) and in
inhabiting fish species (this study) has been a long time phe-
nomenon which was not brought to limelight prior to this
research. The possibility is high that the polluted nature of
the river has tremendous effects on these organisms by redi-
recting/manipulating their metabolic pathways in ensuring sur-
vival in that condition over a long period. Thus, such change in
physiological mechanism could be the cause of the resistance
found in the organisms. This supports the report of Bhullar
et al. (2012) that AR bacteria have the tendency to persist
and then make up a huge reserve in the environment. Similar
antimicrobial resistance profiles were also reported in studies
involving isolates from coastal environments and farmed fish
(Yano et al., 2014).
Moreover, as shown in this study, the high antibiotic resis-
tance shown by most Gram positive bacteria correlates with
Table 6 Result of fungal susceptibility testing.
Fungi species Fluconazole Ketoconazole Griseofulvin
200 lmg/mL 400 lmg/mL 200 lmg/mL 400 lmg/mL 250 lmg/mL 500 lmg/mL 1000 lmg/mL
Penicillium notatum R R 16 17 R R R
Fusarium oxysporium R R 15 16 R R R
Monilia sitophilia R R 17 19 R R R
Aspergillus terreus R R 16 16 R R R
Penicillium chrysogenum R R 14 15 R R R
Aspergillus niger R R 10 11 R R R
Rhizopus stolonifer R R 16 17 R R R
Aspergillus glaucus R R 14 15 R R R
Rhizopus arrhizus R R 19 20 R R R
R= Resistance.
Figure 1 This figure shows the geographical position and description of River Oluwa in order to validate our claims on carrying out this
study on the River.
Antidrug multi-resistant organisms among the indigenous Clarias species 103the findings of Puah et al. (2013) who reported the highest rate
of multiple resistance to antibiotics by Gram positive bacteria.
Other researchers Lateef (2004), Odjadjare et al. (2012) and
Paul et al. (1997) have all obtained different levels of resistance
for bacterial isolates. Species of the same genera isolated
from different sources may show varying levels of resistance
to drugs as a physiological mechanism of survival as recorded
in the present study. Shakibaie et al. (2009) had earlier
reported different rates of AR for two fish species from
different sampling points and periods. Resistances to
tetracycline, gentamycin, clindamycin, cephalexin ciprofloxa-
cin and others have been earlier reported (Guo et al., 2012,
2013).
Two important intrinsic mechanisms have been reported to
be responsible for the conferment of resistance to multiple
antimicrobial drug classes and these are: mutations in outermembrane porins resulting in reduced permeability to antimi-
crobials and over expression of multidrug efflux pumps, which
usually pump out antibiotics before they act on their target site
(Ashish et al., 2011; Navon-Venezia et al., 2005). Furthermore,
this phenomenon (MAR) may also arise due to unrelated
mechanisms accumulating sequentially in an organism
(Navon-Venezia et al., 2005). Also, the level of resistance
recorded by fungal isolates to fluconazole and griseofulvin is
in agreement with previous reports (Indira, 2014; Pakshir
et al., 2009). All the MAR indices obtained in this study were
higher than the 0.20 limit (Table 5). This could indicate that
the isolates were from highly contaminated source where
antibiotics usage is likely to be high as reported by Paul
et al. (1997). One of the potent sources of pollution of River
Oluwa is animal wastes since the inhabitants are majorly farm-
ers with good population of livestock (see Table 6).
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otic resistant microorganisms in the environment is an impor-
tant public health issue because handlers and consumers of this
fishes are on the risk of contracting serious diseases caused by
the organisms either from the water or the fish themselves.
Multidrug resistance is a serious public health issue which
has been previously associated with the outbreak of major dis-
eases the world over (Fattahi et al., 2013; Prescott et al., 1999).
The current results also agree with the findings of other
authors on the need to protect water bodies from pollution
thus avoiding spread of AR bacteria to the surrounding aqua-
tic environment (Nardelli et al., 2012).
Although the bacterial and fungal species found in the pre-
sent study did not cause mortality to the fishes probably
because the latter have strong host defense response yet the
species are both opportunistic and pathogenic which could
be involved in causing fish diseases. In addition, these organ-
isms could also be involved in the transmission of diseases to
human beings. Both locally and internationally, the problem
of antibiotic resistance is becoming more and more pro-
nounced and this can be attributed chiefly to the abuse of
antibiotics both by humans and in animal husbandry. This
study has afforded us the opportunity to know the genera
and species of microorganisms majorly found in the respective
organs (skin, muscle, and gills) of the fish species found in this
polluted river. Therefore, rapid and accurate identification of
microorganisms will have a significant impact on fish health
management programs. Since this is a preliminary investiga-
tion, studies are ongoing on the use of molecular biology tech-
niques for confirming the identified organisms and to detect
the antibiotic-resistance genes in the various isolates from this
study. Stakeholders concerned with environmental policy
making should make frantic effort to stop the introduction
of pollutants into the river as the aftermath is fatal and/or irre-
versible (see Fig. 1).Acknowledgement
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